Building performance and the role of energy efficiency in reducing carbon emission within the built environment by Chege, Matthew
1 
 
           
 
 
 
 
Murdoch University and HFM Asset Management Pty Ltd. 
 
 
 
“Building performance and the role of 
energy efficiency in reducing carbon 
emission within the built environment.” 
 
 
 
A report submitted to the School of Electrical, Energy and Process Engineering, Murdoch University 
in partial fulfilment of the requirements for the degree of Bachelor of Engineering (Environmental 
Engineering) 
     Matthew Chege  
  2 
 
EXECUTIVE SUMMARY: 
 
Greenhouse gas (GHG) emissions and its effect on the global climate has over the years become a 
growing concern especially in developed countries such as Australia. With an ambitious target of 
reducing its GHG emissions to 25% compared to 2000 levels by 2020, this study looks at ways of 
improving commercial building performance through energy efficiency to reduce the net overall 
emissions of the country. 
The study begins with a comprehensive literature review of various government initiatives, 
legislation and sustainability rating tools used within the industry to benchmark buildings against the 
amount of GHG released to the atmosphere. Chapters 3 gives a detailed look into the various 
methods used to determine the rating tool as well as highlighting the importance of an energy 
management plan which is can be considered a blueprint on how to reduce carbon emissions within 
a commercial building. The heating, ventilation and air conditioning system which contributes to 
approximately 63% of GHG emissions within a commercial building is discussed in chapter 4 where 
various components of the system are investigated to identify potential areas where efficiency could 
be improved. Chapter 5 gives an overall energy efficiency assessment focussing on savings that can 
be made within artificial lighting, the heating ventilation system and building insulation and glazing. 
A case study looking at how some aspects of this study were implemented within a commercial 
office tower is discussed in Chapter 7 and lastly, recommendations for further studies to be 
undertaken such as implementing renewable energy sources within commercial buildings once they 
are performing at optimum efficiency, integrating synergy systems between building owners and 
tenants, research on improving water efficiency and  incorporating building management systems to 
ensure optimum performance.  
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CHAPTER1: INTRODUCTION: 
1.1 BACKGROUND 
The Earth’s climate is ever changing largely due to the observed increases in human produced 
carbon pollution caused by various human activities (DCCEE, 2012) leading to an increase in 
greenhouse emissions (GHG) across the globe.  Some of the effects of this include increases in the 
global average air and ocean temperature, widespread melting of snow and ice resulting in an 
increase of global sea levels.   
As a result of the climatic changes being experienced across the world, various nations have 
acknowledged the effects of global warming and have vowed to reduce their overall GHG emissions 
by signing the Kyoto Protocol which commits them to reductions of an average of 5% against 1990 
levels over the five year period 2008-2012. 
Within Australia, ever since the middle of the 20
th century temperatures have on average risen by 
about 1
◦C (refer to Figure 1) and with it an increase in the frequency of heat waves and forest fires as 
well as a decrease in the number of frosts and cold days. Each decade since the 1940’s has been 
warmer than the previous decade with the last (2001-2010) being the warmest on record (DCCEE, 
2012).  
 
Figure 1: Linear trends in Australia's annual Maximum temperature from 1900-1970 (Images 
courtesy of BOM, 2012) 
Rainfall patterns have also changed with the Northwest part of the country seeing an increase in 
rainfall over the last 50 years while much of the Eastern and Southwest parts experiencing a decline 
(BOM, 2012). 
 In order to tackle climate change, the Australian government ratified the Kyoto Protocol in 2007 and 
later established the Department of Climate Change and Energy Efficiency (DCCEE) in December 
2007 and embarking on various initiatives such as the Clean Energy Future to help achieve the set 
out targets for the overall reduction of GHG emissions throughout the country. This comprehensive 
plan aims to dramatically cut pollution by using financial incentives, regulation, strategies and 
information resources all geared towards GHG reduction (DCCEE, 2012). 9 
 
After the ratification of the Kyoto protocol and it coming into force in March 2008, the Australian 
government though the DCCEE has embarked on establishing a climate policy with the following 3 
main pillars: 
1.  Mitigation – to reduce Australia’s GHG emissions 
2.  Adaptation – to adapt to the climatic changes 
3.  Global Solution – to help shape a collective international response. 
The DCCEE publishes Australia’s National Greenhouse Accounts which is a series of four reports 
which together form a comprehensive inventory of the nation’s GHG emission and are published 
annually. According to the latest quarterly update of Australia’s National GHG Inventory (June 
Quarter, 2012) annual emissions for the year to June 2012 are estimated at 551.0 Mt CO2e, down 
0.1% from June 2011 and up by 31.8% (418.0 Mt CO2e) from the base year 1990.  The report then 
breaks down the total GHG emissions into various sectors shown below:  
 
 
Figure 2: Comparison of Australian Total GHG Emissions (Image courtesy of DCCEE, 2012) 
 
According to the report, electricity generation is the largest source of GHG emissions in Australia 
accounting for approximately 35.2% of total emissions and it is estimated that energy used by 
Australian buildings from the consumption of energy (electricity being a major source) accounts for 
20% of Australia’s total GHG emissions with commercial buildings responsible for approximately half 
of this (10.4% - 57.304 Mt CO2e) (ABARE, 2010). 
The pie chart in figure 3 breaks down GHG emissions according to the various uses within a 
commercial building: 10 
 
 
Figure 3: Distribution of GHG Emissions within a commercial building 
It is important to note that the highest emitter of GHG emissions from commercial buildings is 
attributed to cooling with a total of 15.428 Mt CO2e followed by ventilation with 12.122 Mt CO2e and 
electrical lighting with 11.571 Mt CO2e. 
The main aspect of the project was to investigate these 3 areas and identify potential energy 
efficiency opportunities with the holistic view that any reductions made in these areas will result in 
significant savings and reductions in GHG Emissions. 
 
1.2 AIMS & OBJECTIVES: 
Some of the main objectives for this project include: 
1.  Investigate energy & water efficiency opportunities within commercial buildings so as to 
improve the overall performance of the building.   
2.  Investigate various rating tools and sustainability schemes that compare performance of 
various buildings within the CBD. 
3.  Highlight the importance of consistent monitoring and tracking of consumption as well as 
having an Energy Management Program in place.  
4.  Undertake a Level 1 & Level 2 energy and water audit on a commercial building according to 
AS/NZ 3598:2000.  
5.  Examine and present a practical case study of buildings where energy efficiency projects 
have been undertaken by HFM Asset Management Pty Ltd.  
6.  Undertake training in BMS systems, Air Heating and Ventilation systems to develop a 
technical understanding of how buildings function.  
7.  Undertake various site visits to different buildings within the Perth CBD to gain a better 
understanding of building operations as well as understand how various components of 
building services function.  
VENTILATION 
22% 
HEATING 
13% 
LIGHTING 
21% 
Cooking & Hot 
Water 
4% 
Misc 
12% 
COOLING 
28% 
Commercial Building GHG Emissions 11 
 
1.3 COMPANY BACKGROUND: 
HFM Asset Management Pty Ltd  is located at 158 Main Street, Osborne Park in Perth, Western 
Australia and is  one of Australia's leading building efficiency consultancy company providing 
building efficiency services, energy and utility management, facilities management and compliance 
advice to commercial office, hospitality, strata, retail and high rise residential building operators, 
managers and owners.  
 
 
Figure 4: Location of HFM Asset Management Pty Ltd. (Image courtesy of Google Maps, 2013) 
 
Started in 2003, the core business of the company is the implementation and management of utility 
performance programmes to measure, analyse, improve and meet the cost and consumption targets 
of clients. This was founded on the mission statement which states “To be Australia’s leading 
building efficiency advisory firm by guiding clients within the commercial property sector with 
practical efficiency, costs, consumption and compliance management systems and tools.” 
The vision of the company is to build on the principal foundation of building efficiency & the 
continual development of analytical and reporting tools by developing a web based building 
efficiency auditing and performance management platform for the built environment. 
Apart from having a substantial number of nationally accredited energy and water auditors, HFM 
Asset Management has over the past 10 years built a database of information on energy and water 
consumption for different commercial buildings in Australia that would help with benchmarking the 
performance of buildings. 
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CHAPTER 2: LITERATURE REVIEW 
2.1 KYOTO PROTOCOL 
The Kyoto Protocol is an international agreement linked to the United Nations Framework 
Convention on Climate Change (UNFCCC) that sets binding targets for reducing GHG emissions by an 
average of  5% against 1990 levels over 2008-2012 (UNFCC, 2005). The main aim of the treaty is for 
industrialized countries to reduce emissions in the following GHG gases: carbon dioxide, methane, 
nitrous oxide, sulphur hexafluoride, hydro fluorocarbons and per fluorocarbons. 
Under the treaty, countries must meet their targets primarily through national measures however 
the Kyoto Protocol offers them an additional means of meeting their targets by way of the following 
three market-based mechanisms (UNFCC, 2012) namely: 
-  Emissions trading known as the carbon market 
-  Clean Development Mechanism (CDM) 
-  Joint Implementation (JI). 
The Kyoto Protocol is mainly focussed on reducing emissions of industrialized countries and places a 
heavier burden on them under its central principle “common but differentiated responsibility.” 
There are 191 parties that have signed the protocol (UNFCC, 2012) and as stated earlier, Australia 
signed it in December 2007 and later ratified it in March 2008. Part of the treaty is the submission of 
an annual report on national GHG inventory which is done by the DCCEE through the National 
Greenhouse Accounts.   
During the 2012 Doha climate change talks, Australia agreed to a second commitment period of 
emissions reductions beginning on the 1
st of January 2013 to 31
st December 2020. This commits 
Australia to cutting down GHG emissions by 5% below the 2000 levels by the end of the period. One 
of the key goals is to achieve a target of reducing GHG emissions by up to 15% with the possibility of 
increasing it to 25% depending on how other developed countries scale up their efforts. 
2.2 NATIONAL GREENHOUSE AND ENERGY REPORTING SCHEME (NGERS) 
This scheme was started in 2007 under DCCEE to provide data and accounting in relation to GHG 
emissions and energy consumption and production as well as provide a single national reporting 
framework for energy and emissions reporting (DCCEE, 2012).  
The National Greenhouse and Energy Reporting Act 2007 has 2 major thresholds namely the facility 
thresholds and corporate group thresholds which are major factors that determine its reporting 
scheme. Both thresholds contain a GHG emissions threshold, an energy production threshold and an 
energy consumption threshold 
For the facility threshold has a criteria based on 25 kilo tonnes or more of GHG carbon dioxide 
equivalence, a production of 100terajoules or more of energy and a consumption of 100terajoules of 
more of energy (CER, 2012) 
The corporation threshold criteria has decreased each year for the first three reporting years of the 
scheme and the latest being the 2010-11 thresholds of 50 kilo tonnes or more of GHG carbon 
dioxide equivalence, a production of 200 terajoules or more of energy ad a consumption of 
200terajoules or more of energy (CER, 2012) 13 
 
Once a threshold and each of the corporation’s or individual facilities identified, it needs to be 
determined whether the threshold criteria discussed earlier has been reached through various 
calculations. If met, the corporation then needs to comply and register for the NGER scheme which 
will be added to the national greenhouse inventory through the National Greenhouse and Energy 
Register. Corporations are required to submit an NGER report by 31
st October for the previous 
financial year. 
NGER categorises GHG emissions as follows: 
i)  Scope 1 – Releases of GHG as a direct result of an activity or a series of activities 
such as manufacturing processes and transportation. 
ii)  Scope 2 – Releases of GHG as a direct result of activities that generate electricity, 
heating, cooling or steam that is consumed by the facility but not part of the facility. 
This includes the transportation and consumption of electricity from a power 
station. 
iii)  Scope 3 – The release of GHG emissions that are generated as a result of activities at 
a facility but are physically produced by another facility. This may include an 
employee of a facility going on a business trip.  
2.3 LEGISLATION: 
Legal requirements for commercial buildings to adhere to play a vital role within the property 
industry as property owners must comply in order for their commercial buildings to be used. The 
following are legislative laws that were taken into consideration for the placement:  
i)  The  Building  Efficiency  Disclosure  Act  2010  is  an  act  to  promote  the  disclosure  of 
information about the energy efficiency of buildings, and for related purposes (Comlaw, 
2012)  and  it  requires  corporations  selling,  leasing  or  subleasing  offices  spaces  that  are 
greater than 2000m
2 to register for a Building Energy Efficiency Certificate. 
ii) The National Greenhouse and Energy Reporting Act 2007 provides key information on the 
framework  of  the  NGER  scheme.  It  also  takes  into  account  the  necessary  methods  of 
measuring GHG emissions. 
iv) The Clean Energy Act 2011. This act encourages the use of clean energy sources and 
outlines the carbon pricing mechanism with what particular sources of carbon pollution are 
included  in  the  price,  the  surrender  of  emissions  units,  caps  on  the  amount  of  carbon 
pollution from 1
st July 2015 (CER, 2012). 
2.4 NATIONAL STRATEGY ON ENERGY EFFICIENCY 
The National Strategy on Energy Efficiency was developed by the Council of Australian Governments 
(COAG) in October 2008 following the ratification of the Kyoto protocol. The main aim of this was to 
speed up the uptake of energy efficiency efforts within the country as well as prepare the general 
public for the introduction of the Carbon Pollution Reduction Scheme as well as encourage 
innovation in energy efficiencies and approaches (DCCEE, 2012) 
The strategy looks at assisting households and businesses transition to a low-carbon future through 
various national initiatives such as maximising potential for the application of co-generation and tri-14 
 
generation technologies, education and training as well as improving benchmarking data across the 
country. Other areas include bringing forward demand-side energy efficiency measures within the 
electricity market, expanding minimum energy performance standards and labelling programs for 
electrical appliances, encouraging domestic car manufacturing industry to develop and build more 
efficient passenger motor vehicles and making commercial and residential buildings more efficient. 
(DCCEE, 2013) 
2.5 BUILDING CODES OF AUSTRALIA & NATIONAL BUILDING FRAMEWORK 
The building code of Australia (BCA) contains technical provisions for the design and construction of 
buildings and other structures (ABCB, 2013).Part of the construction codes have been harmonized 
with aspects of the National Strategy of Energy Efficiency by forming an agreement on developing 
the National Building Energy Standard-setting, Assessment and Rating Framework. The following list 
summarises all aspects of the framework (DCCEE, 2013): 
-  Increase stringent minimum building standards and renovations 
-  Standard would cover all types of residential and existing buildings 
-  Cover all aspects of the building envelop,  key building equipment and services 
-  Aim to harmonize assessment and rating tools for existing and new buildings 
-  Assess building performance through a common measurement and reporting standard 
-  Encourage innovation to meet performance standards 
-  Communicate building performance through star ratings and 
-  Facilitate effective monitoring and compliance.  
The main focus of this has been increasing stringency in new building standards especially with 
regards to energy efficiency so as to ensure future buildings are low emitters of GHG. With the 
uptake and innovation of new energy efficiency technologies, the building codes will also adapt to 
consistently meet the regulated requirements leading to a low-carbon future. 
2.6 COMMERCIAL BUILDING DISCLOSURE PROGRAM 
Commercial Building Disclosure is a program established by the federal government meant to 
improve the energy efficiency of Australia’s largest office buildings. This program can be considered 
as the main way the Building Energy Efficiency Disclosure Act 2010, discussed earlier, is 
implemented. This is done through the issuance of a Building Energy Efficiency Certificate discussed 
below: 
2.6.1 BUILDING ENERGY EFFICIENCY CERTIFICATE (BEEC) 
This particular certificate is comprised of three parts namely National Australian Built Environmental 
Rating Scheme (NABERS) Energy rating, a CBD Lighting Assessment and a general energy efficiency 
guidance for building owners and tenants. As stated previously the BEEC was made mandatory for 
corporations selling, leasing or subleasing office spaces greater than 2000m
2 by the Building Energy 
Efficiency Disclosure Act 2010. It is important to note that one key aspect of the BEEC is that it is only 
valid for a 12 month rating period and that it must be made available to the public. 
2.6.2 NATIONAL AUSTRALIAN BUILT ENVIRONMENTAL RATING SCHEME (NABERS) 
NABERS is a performance-based system for buildings that is used to rate the environmental 
performance of a building with regards to energy, water, waste and indoor environment. The rating 15 
 
tool has a particular focus on GHG emissions and has been expanded to cover offices, hotels, 
shopping centres and homes.  
The rating is based on a methodical assessment of the actual environmental impact of operating a 
building with outcomes expressed by a number of stars with the highest rating of 6 stars and lowest 
being 1 star.  NABERS is managed nationally by the NSW Office of Environment and Heritage and is 
based on a 12 month rating period. 
The NABERS rating for offices can be divided into 3 categories which takes into account the entire 
energy mass balance of the building. These are: 
-  Whole Building Rating – which assess the GHG emissions from the entire building covering 
both tenant consumption and building services 
-  Base Building Rating – which focuses on the GHG emissions from building services 
-  Tenant Rating - associated with the energy specifically consumed by the leased occupants 
within a commercial building. 
The key areas that the base building rating focuses on are the common area lighting and power, lifts, 
escalators, air conditioning and ventilation, exterior lighting, exterior signage, generator fuel and car 
park ventilation and car park lighting.  
Important factors of this rating tool include the Net Lettable Area (NLA) and estimation of the 
functional space which is derived from the dividing of the NLA into “zones”. This system also has a 
high emphasis on being able to tentatively account for all energy that is coming into the building. 
One way of doing is this is through metering which is also a major factor to be considered when 
assessing the building. This particular aspect is mainly done through meter validation and confirming 
that the metering system is up to Australian standards. 
NLA can be defined as the floor area of a commercial building as set out in the Property Council of 
Australia (PCA) March 1997 Method of Measurement for Lettable Area, for spaces that can be used 
as offices within the premises  to be assessed and can generally be considered the area for which 
rent can be charged. 
Other factors that help determine the star rating of buildings include: 
i)  Hours of occupancy – These are the number of hours of the week where 20% or more of 
the usual occupants of a functional space are present in the space. 
ii)  Rated hours of the building – This is derived from the hours of occupancy by a weighted 
average of all functional spaces throughout the building. 
It should be noted that there is a distinct difference between the rated hours based on 
hours of occupancy and hours of service. The latter is more to do with the building 
services and how many hours the tenant has requested for the operation of these 
services. 
For tenancy and whole building ratings, the number of computers in regular use throughout the 
building has to be taken into consideration and is done by a physical confirmation count. It is also 
worth noting that the rating system does take into account vacant spaces that have not been leased 16 
 
out and excludes the functional spaces within these areas as well as any office fit outs that may be 
occurring during the rating period. 
Lastly a tenant occupancy survey is required so as to obtain information on each functional space, 
where more than one shift has been worked in a function space and where the hours of occupation 
changed during the rating period (NABERS, 2012). This also may provide additional information to 
the assessor performing the rating and may give a better understanding of certain aspects of the 
building that may not have been previously known. 
The NABERS water rating looks at building consumption against factors such as building area, climate 
and hours of use. Since each building is coherently different and may have varied water uses thus 
benchmarking water consumption and comparing it against similar buildings is perceived as the 
most efficient way to calculate the star rating. A NABERS Water for offices rating does not count 
consumption of internally or externally supplied recycled water or water from on-site sources such 
as rainwater tanks (NABERS, 2012). 
2.6.3 CBD TENANCY LIGHTING ASSESSMENT  
The CBD Tenancy Lighting Assessment (TLA) as mentioned earlier forms the third part of a BEEC. It is 
the methodical survey of the general lighting system installed in the tenant office spaces of a 
building (the system that is reasonably expected to be left in a tenant space when the tenant leaves) 
(CBD, 2012). Tenants are not bound by this lighting system and allowed to perform any 
refurbishment they may seem fit.  
The results of this assessment are expressed as Nominal Lighting Power Density (NLPD). This is 
calculated by dividing the total power of the general lighting system in the assessed space by the Net 
Lettable Area (NLA) and expressed in Watts/m
2.  
NLPD = Total Power (Watts) / Net Lettable Area (m
2)           Eq.1 
An example of the outcomes as expressed in the CBD Lighting Assessment rules are shown in table 1. 
These categorized outcomes give an excellent way to compare building performance as well as 
increase the scope of benchmarking various buildings across Australia. 
Table 1: Nominal Lighting Power Density Ratings 
Nominal Lighting Power Density 
(NLPD) (W/m
2) 
Rating 
< 7.0  Excellent 
7.0 – 10.0  Good 
10.1 – 15.0  Median 
> 15  Poor 
 
The main method of assessing data derived from this assessment is by using the CBD Lighting 
Assessment Spread sheet which is downloaded from the Commercial Building Disclosure website 
and is usually submitted by a nationally accredited NABERS Assessor. The main categories of data 
used are the NLA, the source of artificial optical radiation and its quantity, its power and the type of 17 
 
ballast used. In addition to this the NLA may be divided into functional spaces which account for 
different areas that may be partitioned according to the tenant’s specifications.  A clear example of 
this may be a boardroom and the common area which may have 2 different lighting systems.  
There are provisions within this rating tool to account for extra electrical lighting appliances 
throughout a commercial building. This is aimed at giving and accurate account of lighting conditions 
found within the commercial building. It is also important to note that the CBD Tenancy Lighting 
Assessment measures only the energy used by the lighting on an area basis and thus a different 
criterion will have to be used to measure the quality of light (CBD, 2012), as well as the efficiency of 
different types of lighting systems used within the building.  
2.6.3 ENERGY EFFICIENCY GUIDANCE 
The third part of the BEEC is the general energy efficiency guidance for building owners. This is a 
number of ways or suggestions from the assessors on how the energy efficiency of the rated building 
could be improved. Some of the suggestions could include having an energy management plan with 
distinct energy policies, having a particular person in the building manage or monitor the buildings 
energy use, general improvements to building services and lighting throughout the building as well 
as possible use of renewable energy. 
2.7 GREEN STAR 
Green Star is a comprehensive, national, voluntary environmental rating scheme that evaluates the 
environmental design and achievements of buildings (GBCA, 2012). This rating system was 
established by the Green Building Council Australia in 2003 with a main aim of reducing the 
environmental impact of buildings on the environment by establishing a common standard of green 
buildings across the country.  
The main aim for GBCA is the push towards a sustainable future throughout the building industry 
and are aggressively pushing this agenda through providing the public with education and training 
courses as well as engaging various policy makers throughout various levels of the Australian 
government. 
The environmental impact categories covered in this rating tool are building management, indoor 
environmental quality, energy, transport, water, materials, emissions and land use and ecology. 
Innovation of the entire building design is also taken into consideration so as to promote creativity 
within the initial design aspect of new buildings. Each of these categories is awarded a specific 
number of points which are then given an environmental weighting and a final score is given out of a 
possible 100 points.  A star rating is then produced based on the total points and the outcomes 
classified according to table 2. 
Table 2: Green Star Ratings 
Total Number of Points   Number of Stars  Rating 
10 – 19  1   
20 - 29  2   
30 -44  3   18 
 
45 - 59  4  Best Practice 
60 - 74  5  Australian Excellence 
> 75  6  World Leader 
 
The main categories if particular interest for this placement were management and more specifically 
environmental management plans within buildings, indoor environment quality with ventilation, air 
change effectiveness, high frequency ballasts, electric lighting levels and  thermal comfort within the 
building of particular interest.  
Another category that was considered was energy with a focus on GHG emissions and reduction of 
energy use for lighting being the core of this aspect of the rating system and lastly was the water 
category. It was interesting to note that most of the categories of this rating tool were focussed 
around the HVAC system of the building which will be discussed in chapter 4. 
2.8 AUSTRALIAN & INTERNATIONAL STANDARDS 
The international standards organisations defines a standard as a document that provides 
requirements, specifications, guidelines or characteristics that can be used consistently to ensure 
that materials, products, processes and services are fit for purpose (ISO, 2012).  Within Australia, the 
main body that is recognised by the federal government and charged with ensuring international 
competitiveness is Standards Australia. The main focus of this particular organisation is the 
development of standards, accreditation of standards development organisation and national and 
provide information on Australian and international standards. 
The following standards were considered to have a critical role in various aspects of commercial 
buildings: 
i)  ISO 50001 – Energy Management.  This standard outlines the best way to achieve energy 
efficiency and helps organisations meet carbon reduction targets to help improve 
building performance.  Some key aspects of the standard focus on auditing and how to 
measure and monitor energy use. 
 
ii)  AS/NZS ISO 14001:2004 – Environmental management systems. This standard gives the 
outlined requirements for an environmental management system. It looks into how an 
organisation could implement an environmental policy  as well as constantly monitor it 
and check whether the specified targets have been achieved. The standard is based on a 
model of continual improvement. 
 
iii)  ASNZS 3598:2000 - Energy Audits.  This standard gives the minimum requirements for 
commissioning and conducting energy audits. The main aim of this is to improve overall 
efficiency and highlight the major uses of energy within the building. It gives an in-depth 
guide to the 3 levels of audits that can be undertaken and what each entails. 
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iv)  ASNZS 1680 - Interior and workplace Lighting. This standard details the requirements 
electrical lighting systems within commercial buildings need to meet so as to allow for 
the safe movement of people throughout the building.  
 
v)  ANSI/ASHRAE Standard 55:1992 - Thermal Environmental Conditions for Human 
Occupancy. This standard details the environmental condition that is considered 
comfortable for 80% of the people within the building. 
 
 
 
 
 
 
 
 
 
 
 
 
 20 
 
CHAPTER 3: METHODOLOGY 
3.1 BRIEF: 
The placement at HFM Asset Management Pty Ltd was designed more towards gaining the practical 
and analytical skills necessary to tackle commercial building efficiency as well as to give the student 
an insight on the practical working conditions within the industry. The company is composed of a 
facilities management department, a utility performance department, electricity procurement 
department, data analysis department and a newly established building integrated design 
department. The first aspect of the placement was to understand the various roles of each of these 
sectors as well as get to know the roles each staff member handles within the company. 
The methodology used for the placement can be categorised as follows: 
i)  Undertaking Tracking Monitoring Analysis Reporting (TMAR) and producing a 
monthly report for 12 clients for the duration of the placement. 
ii)  Develop an analysis spread sheet to calculate potential Power Factor correction 
equipment savings. 
iii)  Develop Energy Management Plans with particular focus on monitoring and 
auditing. 
iv)  Assist with the initial aspects of the NABERS rating tool for the various energy and 
water auditors. 
v)  Undertake site visits with the utility performance managers to multiple sites for Life 
Cycle Assessment of plant equipment as well as attaching data loggers to meters. 
vi)  Undertake detailed research in HVAC System design with particular focus on system 
components. 
vii)  Undertake a number of Level 1 energy audits to determine the energy profiles of 
commercial buildings and identify any key characteristics that may be of concern to 
the energy baseline. 
viii)  Research and identify potential energy and water efficiency opportunities.  
ix)  Undertake a Case Study that would clearly indicate all aspects discussed in the 
report. 
3.2 TRACKING, MONITORING & ANALYSIS REPORTING (TMAR) 
HFM Asset Management Pty Ltd. has developed an online reporting platform that utilizes electricity 
consumption data to create a continuous energy profile of commercial and retail buildings for its 
clients. This enables the buildings performance to be gauged by comparing previous consumption 
levels to recent consumption data.  
The first aspect of TMAR was getting to understand the platform by undertaking tutorials on how to 
use the system and gain an understanding of the foundations it was built on. Discussions about the 
platform with one of the NABERS assessors who developed it initially from simple analysis spread 
sheets were then undertaken to gain a better understanding.  21 
 
3.2.1 ENERGY MASS BALANCE: 
The total energy entering a building should be accounted for so as to gain a complete energy mass 
balance of the building. This is usually achieved by metering of all sources of energy. The sum of the 
total energy however is always lesser than the input due to losses within the system.  
The concept of accounting for unmetered energy was introduced by subtracting sub-meters installed 
in buildings from the main meter. Figure 3 shows a snapshot of how the total energy balance is 
accounted for within the web based platform. 
 
Figure 5: Typical whole building electricity consumption of a commercial building. 
 
Unmetered electricity can be accounted for by subtracting consumption from the building services 
(Base Building) and tenant consumption from the total energy consumed within the building given 
by the main meter. 
Building an energy profile is a key stage of an energy management plan. Once energy consumption 
figures were manually keyed into the web platform different graphs could be extrapolated to show 
the buildings distinct profile by day, week, month or year. 
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Figure 6: Energy profile of a commercial building. 
 A snapshot of a weekly energy profile of a commercial building within the CBD with additional 
information such as the power factor, KVAh and KVARh values included in the graph is shown in 
figure 6. The additional information is obtained from Western Power and added to the platform so 
as to give a more detailed insight into how electricity is being consumed within the building.   
The web based platform also allows for the creation of standard monthly reports which give a 
statistical comparison of monthly consumption data as well as compare the same period in the 
previous year.  
3.3 SUSTAINABILITY RATING TOOLS FOR THE BUILT ENVIRONMENT: 
In order to be able to analyse building performance, various sustainability tools have been 
considered as a guide throughout the placement firstly through literature review to give a broad 
understanding of what the general standards are, then particular focus was given to the rating tools 
used by the company in investigating building performance and  GHG Emissions.  
It should be noted that assessment using these tools was purely indicative as the law states clearly 
that an official rating can only be applied by accredited assessors. The use of these rating tools only 
served as a training tool for the student during the placement.  
The BEEC rating tool was the preferred choice as firstly it had become compulsory by law and all 
commercial buildings greater than 2000m
2 of office space had to comply so as to lease their 
buildings. The second reason for this was due to the fact that HFM Asset Management had a number 
of nationally accredited assessors who had performed approximately over 75 NABERS ratings all 
together. Green Star was also selected so as to give a comparison of factors that may have not been 
considered in the BEEC. 
3.3.1 DATA ACQUISITION: 
This was a very important role in the entire process of getting a rating done. Data acquisition was 
the first aspect which included getting basic information from property managers such as the 
address, owners of the building, leasing documents for the various tenants, building profile 
indicating the leased spaces/tenancy by floor, any surveys that may have been carried out on the 
premise and most importantly the assessed NLA of the building. 23 
 
3.3.2 NABERS: 
The general understanding of the NABERS energy for offices rating calculation was that the energy 
consumed over the entire rating period was multiplied by a GHG Emissions factor then adjusted for 
area, climate and hours of occupancy. This was then compared with a benchmark of other similar 
buildings and a star rating on the performance could be obtained. 
The following areas of the rating tool were covered: 
i)  The calculation of rated area proved to be very difficult as  factors that decided what 
constitutes a functional space in some buildings was assumed by the assessor. It was 
also complicated by the fact that some of the NLA was previously determined by 
direct site measurements. There was limited time within the placement to 
undertake specific training on how to determine NLA and attend more site visits to 
help learn how to divide it into functional spaces. 
ii)  The hours of occupancy were determined by having occupants fill a tenant 
occupancy survey and at times by verbal affirmations on specific questions about 
working times. A note of the number of computer server rooms was also required to 
determine the energy used by the HVAC system to cool these particular areas 
(Appendix A). 
iii)  Some of the additional information required for the rating is logs of after-hours air 
conditioning requests and the number of computers within the various office 
tenancies. The latter part was done manually and proved to be a very tedious and 
time consuming task. The number of computers is used to normalise the figures for 
energy consumption. 
 
3.3.3. CBD LIGHTING ASSESSMENT: 
After the initial data was obtained, the NLA was then divided into various functional space with each 
functional space assessed according to the set out TLA requirements.  The functional space should 
be based on existing functional distinctions such as physical boundaries, leases or operation divisions 
(CBD, 2011). A proper analysis of functional spaces such as conference rooms was very limited as it 
involved entering offices during hours of operation.  
Additional information that would be needed for the TLA to be completed is listed below:  
i)  Luminaire details. A luminaire is defined as an electrical appliance used to create 
artificial light and/or illumination (CBD, 2011). This was mostly done by taking digital 
photographs of each luminaire and identifying details about its power. 
ii)  Type of ballast used. This was specifically for fluorescent tube lighting, mercury vapour 
lamps and metal halide lamps. 
iii)  Lighting control assessment which was an analysis of the lighting control systems 
throughout the building. 
The NLPD assessment proved to be the most difficult to grasp as 2 distinct methodologies could be 
used.  The grid method is used when a single luminaire type is installed in a regular array within the 
function space where the NLPD could be determined by dividing the luminaire power by the area per 24 
 
luminaire, the second method which was the representative area method was based on the 
assessors judgement as he would choose an area he thought best represented the base lighting 
system on the floor. I was not able to ascertain this as there were a high number of tenant fit out 
areas and I could thus not perform a theoretical NLPD assessment on a few of the floors. An example 
of the floor plan used for the NLPD assessment is shown in Appendix B. 
3.3.4 GREEN STAR: 
This office rating tool was analysed so as to give an additional aspect of how to improve building 
performance as it is more concerned with the environmental impact of commercial buildings. Some 
of the key areas that were of interest to this placement were indoor environmental quality, energy 
and emissions. 
i)  Indoor environmental quality could be assessed from a HVAC analysis. Some of the 
weighted components are the ventilation rates, air change effectiveness which could be 
from the flow rate of the supply fan and the individual comfort levels. Electric lighting 
levels could be combined with a TLA as they essentially measure the same thing. 
 
ii)  The energy component of the tool could complement the NABERS rating tool as one of 
the main components would be the amount of GHG emissions from a building, the 
lighting zone and lighting power density could be combined with the TLA aspect of BEEC. 
 
 
iii)  The emissions component would complement the analysis of HVAC systems as the main 
aspect of this component deals with refrigerant. 
  
3.4 ENERGY MANAGEMENT PLAN: 
An energy management plan is a way of improving energy efficiency through the improvement of 
energy performance within buildings by reducing the overall energy use, increasing the buildings 
energy efficiency while offering comfort improvements for tenants. The main strategies to 
accomplish this are either through an energy conservation strategy or an energy efficiency strategy. 
It should be noted that the main aspect of an energy management plan is the continual 
improvement through consistent monitoring and reviewing of key policies. The success of the plan is 
also dependant on the commitment of all stakeholders within the building to achieving the set out 
goals. 
The ISO 50001 standard is based on a “Plan-Do-Check-Act” continual improvement framework and 
incorporates energy management into everyday practices and follows other key standards with 
regards to its process and structure (ISO, 2012). It is upon this framework that the foundation of 
most of the energy management plans undertaken by the student was formed. 
An Energy Management Plan based on the ISO 50001 can be summarised as follows: 
i)  An initial energy audit of the commercial building 
ii)  Establishment of an energy baseline 
iii)  Establish key performance targets 25 
 
iv)  Document various procedures that need to be undertaken 
v)  Implementation of the procedures 
vi)  A checking mechanism  
vii)  An energy monitoring system. 
ENERGY AUDIT: 
The first aspect on an energy management plan is the initial energy auditing of the building. This 
should be based according to AS/NZS 3598:2000 – Energy Audits so as to meet the necessary 
standard within the country. There are 3 types of energy audits each with a set of minimum 
requirements. The following brief summarises various aspects of each audit level. 
i)  Level 1 Energy Audit - This audit details a general overview of energy consumption 
within the commercial building where an energy management plan is being considered. 
A criterion of analysing this is whether the consumption initially seems to be high, 
reasonable or clearly efficient when compared to similar buildings.  
This particular audit provides a basis for benchmarking and is usually done through a 
desktop audit where energy bills were assessed to determine the energy use over a 
given period of time. At HFM this is usually 2 years. 
 
 
ii)  Level 2 Energy Audit – This audit is more detailed than a level 1 audit as it identifies the 
sources of energy at the site, the amount of energy supplied and what the energy is 
used for. This particular audit may require a site visit to the building. Potential savings 
are also considered as well as recommendations of measures of improvement. 
 
iii)  Level 3 Energy Audit – This audit provides a detailed analysis of energy use, savings and 
cost of achieving the stated savings. Site specific metering may be employed through the 
use of data loggers during peak periods of building use. This audit gives justification for 
investment into refurbishments to building services. 
 
ENERGY BASELINE: 
An energy baseline is determined after initial energy consumption data is collected and an energy 
profile of the building established. The method of determining this is the normalised baseline as it 
filters out extraordinary events such as spikes within the consumption data. A popular method on 
normalising data is the International Performance Measurement and Verification Protocol (IPMVP) 
by the Efficiency Valuation Organisation (EVO) and the NABERS Method 4a and 4b used to calculate 
normalised baselines both for existing and new buildings.  
KEY PERFORMANCE TARGETS: 
The suggested method of setting key performance targets for commercial buildings is the 
achievement of a higher NABERS star rating while other targets would be based on a set reduction 
percentage e.g. a 10% reduction in base building energy consumption. The targets have to be 
realistic and achievable within the given timeframe. Once the targets are set, it was recommended 
that the services of specific consultants such as HFM’s energy auditors be engaged so as to provide a 
more detailed account of how the targets would be achieved.   26 
 
DOCUMENTATION: 
A documentation of various procedures on how to achieve the set out building performance targets 
needs to be undertaken and most importantly provided to all stakeholders within the building. This 
would primarily be done by presenting the energy management plan in an easy to understand 
format for management to understand and make further decisions regarding future targets. 
Technical consultants would also be engaged to develop the specifications for possible equipment  
and the final design layouts to be implemented. Legislative or lease requirements may also be 
included in the documentation and a brief summary of how the building has met these conditions 
may need to be indicated.  
IMPLEMENTATION 
The implementation of the set out performance targets would be through the necessary technical 
deployment suggested within the procedures. Strict awareness by all relevant staff members would 
be highlighted, as the success of achieving the set targets would depend on them. The key focus for 
the implementation is through the management of energy consumption. This would be achieved 
through a marked increase of building maintenance and assigning various tasks or roles to staff 
members. 
CHECKING MECHANISIM 
This component is the most critical aspect of the energy management plan as it ensures that the set 
out targets are being met and matched by the actual performance of the building. This is usually 
done by measuring and comparing the current energy consumption to the baseline year or 
subsequent previous years.  
ENERGY MONITORING SYSTEM 
The main method of monitoring energy consumption that was suggested in the energy management 
plans was using the proprietary web based platform that HFM has established over the years and 
assigning a data analyst from the company to ensure consumption information is consistently being 
provided.  
For consistent meter reading data, a specific consultant is engaged to provide the metering data in a 
specified format for the data analyst to easily upload onto the platform. By outsourcing this 
component the efficiency of getting information is highly increased while saving a lot of time. 
3.5. SITE VISITS 
As part of the placement, attending regular site visits with the energy and water auditors was critical 
in gaining an understanding of commercial buildings. The main aim of this was to gain practical real 
world applications of the theoretical assumptions obtained from research and analysis as well as get 
first-hand knowledge from the auditors on what key factors should be identified during the site visit. 
A total of 9 site visits were undertaken during the placement and varied from retail to commercial 
office buildings within the CBD. Part of the visits were to take part in a TLA, perform a building 
condition report of mechanical plant equipment, attend meetings with building managers and to 
gain an understanding of the buildings I was responsible for in the monthly TMAR reports. 
As mentioned in the energy management plan, energy auditing is the first stage of the plan so as to 
review the initial performance of the building. I would assist with this aspect of a level 3 energy audit 27 
 
where specific metering would need to be deployed to particular sites. One of the key skills gained in 
the placement was the use of various data loggers by attaching them to meters on some of the 
buildings and later analysing the data from them.  
3.6 ESTIMATION OF GHG EMISSIONS 
The main method used in estimating GHG emissions is by using the National Greenhouse Accounts 
Factors that are published by the DCCEE. Scope 2 emissions which are a result of indirect emissions 
from consumption of purchased electricity were used. The factors estimate emissions of CO2, CH4 
and N2O and are expressed together as carbon dioxide equivalent (CO2-e). (DCCEE, 2012) 
The equation used for this is shown below 
Y = Q X EF/1000                      Eq. 2 
Where: 
Y is scope 2 emissions measured in CO2-e 
Q is the quantity of electricity purchased (kilowatt hours) 
EF is the scope 2 emissions factor for the state, territory or electricity grid in which consumption 
occurs. 
The emissions factors for the various states across Australia are indicated in table 3.  As the 
placement was done in Perth, the emissions factor for the South West Interconnected System (SWIS) 
in Western Australia of 0.82 (NGA, 2012) was utilized. 
Table 3: Scope 2 emissions factors for electricity consumption (Source DCEE) 
STATE  EMISSIONS FACTOR  RATIONALE 
NSW and ACT  0.88  The main electricity sources 
are black coal, coal seam, 
natural gas and renewables-
hydro, wind, biomass & solar 
Victoria  1.19  Brown coal is one of the main 
sources (85%) of generating 
electricity. 
Queensland  0.86  73% of electricity generation 
is from coal. 
South Australia  0.65  Gas, Coal, Diesel and Wind 
energy are the main sources 
of electricity generation. 
SWIS in Western Australia  0.82  Mixed sources from Natural 
gas, coal, geothermal, wind 
and solar. 
Tasmania  0.26  Hydro Electric Power is the 
main source of electricity 
generation. 
Northern Territory  0.71  Natural gas is the main source 
of electricity generation. 28 
 
CHAPTER 4: HVAC SYSTEM DESIGN: 
The goal of a heating, ventilating and air conditioning (HVAC) system is to create and maintain a 
comfortable environment within a building (Trane, 2009). Some of the key factors that influence the 
comfort level of a building include  
-  Dry-Bulb temperature,  
-  Humidity, 
-  Air Movement,  
-  Fresh Air,  
-  Cleanliness of the air,  
-  Noise levels produced by the system 
 
To understand the various components of the HVAC system, it is important to understand the 
requirements of the conditioned space. This space could be a single zone or multiple zones with 
different temperature and humidity requirements governed by a thermostat. The main comfort 
requirements of the conditioned space are the dry bulb temperature and humidity.  
The main method of controlling the temperature and humidity is by the addition and removal of 
sensible heat and moisture to and from the conditioned space to achieve the desired human 
comfort level which is determined by the set point temperature of the thermostat. According to 
ANSI/ASHRAE Standard 55-1992 entitled Thermal Environmental Conditions for Human Occupancy, 
the indoor design condition that is considered acceptable as a thermal comfort zone to 80% of its 
occupants can be summarised as: 
-  Relative Humidity of 50% 
-  Maximum Dry Bulb Temperature of 75
◦C (23.9
◦C) 
-  Minimum Dry Bulb Temperature of 70
◦F (21
◦C) 
 
4.1 HVAC SYSTEM OVERVIEW: 
A HVAC system can be broken down to 3 major components: 
i)  Air Distribution System 
ii)  Cooling/Refrigeration System 
iii)  Heating System 
The main aim of a HVAC system is to meet the required heating or cooling conditions within a 
conditioned space.  Air is delivered to this space by a supply fan that draws outside air as well as 
return air from the conditioned space to a mixing point it then passes through a heat exchanger 
known as a cooling coil and along the duct system to the required space. The air is then exits the 
conditioned space through either a separate duct system or a ceiling plenum to the mixing point or 
to an exhaust fan which expels out of the building and into the atmosphere. A filter is usually placed 
before the supply fan so as to remove any airborne contaminants and dust particles from the air and 
maintain a degree of “cleanliness” within the conditioned space.  
The cooling coil is responsible for providing the necessary cooling effect to the conditioned space 
(TRANE, 2009) and is placed after the supply fan so as to absorb the excess sensible heat and 29 
 
moisture in order to control the temperature and humidity of the air entering the conditioned space. 
A heating coil is located after the cooling coil so as to provide heat to the air entering the 
conditioned space when needed. The position of the heating and cooling coil is dependents on what 
desired effect is needed in the conditioned space as well as the climate where the building is 
situated.  
As stated earlier in chapter 1, the highest emitter of GHG within commercial buildings is attributed 
to the HVAC system through cooling (15.428 Mt CO2e), ventilation (12.122 Mt CO2e) and heating 
(7.163 Mt CO2e). In order to reduce GHG emissions within commercial buildings these 3 sectors need 
to be analysed for possible improvements in energy efficiency. 
4.2 VENTILATION: 
Ventilation of a building is responsible for 22% of total GHG emissions within commercial buildings. 
The type of ventilation system selected is mostly factored around the distribution of air throughout 
the building and to the various conditioned spaces. There are 2 distinct methods of achieving this 
which depends on whether the supply fan delivers a constant volume or a variable volume of air to 
the conditioned space.  
i)  CONSTANT VOLUME SYSTEM. 
This type of HVAC system provides a constant quantity of supply air and varies the supply-air 
temperature in response to the changing cooling load in the space.  A thermostat compares the 
dry-bulb temperature in the conditioned space to a set point and then modulates cooling 
capacity until the space temperature matches the set point by typically adjusting the speed of 
the fan to match the load within the conditioned space (TRANE, 2009) 
ii)  VARIABLE AIR VOLUME (VAV) SYSTEM 
This type of HVAC system varies the quantity of constant temperature supply air in response to 
the changing cooling load within the conditioned space. In this type of system a VAV unit is 
added after the supply fan and a rotating-blade dumper within the device varies the quantity of 
supply air entering the space. A thermostat is used to compare the dry-bulb temperature within 
the space to a set point which then modulates the quantity of supplied air by varying the 
position of the rotating dumper within the VAV unit (TRANE, 2009) 
4.2.1 SYSTEM COMPONENTS: 
AIR HANDLING UNIT (AHU) 
An AHU is a mechanical unit responsible for circulating air throughout the building. It is usually 
located in a mechanical plant room on the roof of a building. As mentioned earlier air drawn from 
the conditioned space may be passed into the unit through a return-air damper and mixes with the 
outdoor air that is drawn into the building. This mixed air passes through the filters, the supply fan, 
the cooling coil and heating coil before being discharged to the conditioned space by connecting to a 
duct system that transports it around the building. 30 
 
SUPPLY FAN 
The supply fan ensures the efficient distribution of air needed to heat, cool and ventilate the 
conditioned spaces of a building (TRANE, 2009). The main performance criterion of the supply fan is 
determined by total pressure within the AHU system. Total pressure is derived from the velocity 
pressure which is due to the momentum of the air as it moves through the duct system and static 
pressure due to the system resistance. 
The following equations are used to determine the airflow within the ventilation system which is of 
vital importance to meeting the necessary requirements of the conditioned space. 
Velocity Pressure = Total Pressure – Static Pressure    Eq. 3 
Velocity = Constant X √ Velocity Pressure/Air Density    Eq. 4 
Airflow = Velocity X Outlet Area         Eq. 5 
It is important to note that when the static pressure within the duct system increases to a point 
where it is greater than the velocity pressure created by the fan, a condition known as surge is 
created. The surge point causes air to flow in the opposite direction and back towards the fan 
resulting in excessive noise, vibration and damage to the fan. 
Fan performance can determined through a fan performance curve. This is done by plotting a chart 
with static pressure on the y-axis and airflow on the horizontal axis. When static pressure is zero 
ideally there is no airflow within the system and when static pressure is at zero the airflow is 
considered to be at its maximum flow rate. A surge line is added to the chart by plotting the point 
where surge occurs. An example of a fan performance curves is shown in figure 7. 
 
Figure 7: Analysis of Fan Performance 
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DUCT SYSTEM & DIFFUSERS 
The supply duct acts as an air distribution system sending the mixed air from the AHU to various 
conditioned spaces throughout the building. A successful duct design achieves the following (TRANE, 
2009): 
-  Minimizes the static pressure and associated power requirements of the supply fan 
-  Minimizes the installed cost without sacrificing system efficiency 
-  Supplies air to each diffuser  without excessive noise 
-  Accommodates space limitation without excessive pressure drop  
-  Minimizes design time 
As mentioned previously, the air exiting the conditioned space can be through a secondary duct 
system or through a ceiling plenum return above the conditioned space. The efficiency of this system 
can be greatly improved by insulation. This ensures that the temperature of air being supplied does 
not drop excessively during transportation. 
 
4.3 COOLING & HEATING 
Cooling is the largest GHG emitter (28%) within a commercial building (refer to Figure 2). The cooling 
coil is used to cool and dehumidify the supply air. The cold fluid flowing through the cooling coil 
could be either water or liquid refrigerant and are the 2 main categories used to describe the type of 
HVAC system used in a building. 
i)  Chilled water refrigeration system – These are HVAC systems that use water as the 
main cooling and heating medium within the system. 
ii)  Direct Expansion System – These are HVAC systems that use cold liquid refrigerant 
as the main cooling and heating fluid in the system. 
 Using the basic analogy that heat energy flows from a higher-temperature substance to a lower-
temperature substance, the temperature of air is decreased as a result of the heat being transferred 
from the air to the fluid flowing through the cooling coil. It is thus a requirement that the fluid 
flowing through the tubes of the cooling coil must be at a lower temperature than the air passing 
over it. 
As warm humid air passes over the cooling coil, the moisture within the air may condense at the 
tubes of the cooling coil as it is below the dew point temperature. This condensed water is collected 
in a drain pan that sits at the bottom of the cooling coil. As this is a closed loop system, the water 
will need to return to the cooling coil at the desired cooling coil temperature. It is also important to 
note that the fluid flowing through the cooling coil leaves at a higher temperature. 
THE REFRIGERATION CYCLE: 
This cycle is based on a direct expansion system where the fluid flowing through the cooling coil is 
liquid refrigerant.  As stated in the last paragraph, the fluid (refrigerant) leaves the cooling coil at a 
much higher temperature due to the fact that refrigerant (Refrigerant-22) has a boiling point of -
40.8°C and boils violently when heat is transferred from the warm humid air going into the 32 
 
conditioned space. The refrigerant the converts into gas when leaving the cooling coil. The 
refrigeration cycle is essentially the process of returning the gaseous refrigerant back to its original 
liquid state so as to be used again to cool the air thus making it a closed loop system. 
4.4 SYSTEM COMPONENTS: 
COMPRESSOR: 
As heat is transferred from the water to the refrigerant within the cooling coil, the liquid refrigerant 
boils and turns into vapour. The vapour is then drawn to the compressor which as the name suggests 
compresses the vapour to a high pressure and pumps it to a condenser. This also leads to an 
increase in the temperature of the refrigerant vapour. 
CONDENSER: 
The compressor passes the hot, high-pressure vapour to the condenser where heat is transferred 
from the vapour to a fluid at a colder temperature. As heat is removed the vapour condenses and 
returns to its liquid state and at a very high pressure. 
EXPANSION DEVICE: 
As the refrigerant vapour condenses back to its liquid state within the compressor, it is still at a high 
temperature and pressure. This vapour is passed from the condenser to the expansion device which 
is used to create a large pressure drop that reduces the pressure and temperature of the liquid 
refrigerant to a point where it is cold enough to be directed back to the cooling coil.  
Figure 8 highlights the refrigeration cycle process with the expansion of the liquid refrigerant 
referred to as throttling. 
 
Figure 8: The refrigeration cycle. 
For heating, there is usually a reheat system placed after the cooling coil to raise the temperature of 
the supply air to the set point on the thermostat within the conditioned space. This method is 
preferred due to the fact a hot water system would require the addition of additional piping and a 
hot water boiling system. The latter configuration essentially  
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CHAPTER 5: ENERGY EFFICIENCY ASSESSMENT. 
5.1 ASSUMPTIONS: 
It is the main assumption that any savings made on electricity consumption within a commercial 
building will be a direct reduction in GHG emissions. Due to the scope of the project, Indirect (Scope 
2) GHG emissions will only be covered drawing from the National Greenhouse and Energy Reporting 
(Measurement) for estimated calculations. 
5.2 ARTIFICIAL LIGHTING 
The reason for selecting energy efficiency options for artificial lighting is because it accounts for 21% 
of total GHG emissions from commercial buildings according to figure 5. This sector offers the best 
opportunity for savings both in terms of energy use as well as financial costs as some options can be 
incorporated into tenant consumption. 
  
i)  De-lamping - The first energy efficiency opportunity is by “de-lamping” which is 
removing lamps or fixtures that are producing more light than necessary. This can 
also be achieved by removing single tubes from fixtures with 2 tubes. 
The energy saved by de-lamping can be calculated by: 
ES = LW * No. of lamps removed * hours of operation/year    Eq. 6 
Where: 
ES is the energy saved and is measured in kWh/year 
LW is the lamp wattage measured in kilowatts 
This equation can further be added to the scope 2 emissions equation described in 
chapter to determine how much carbon equivalent has been saved 
Y = Energy Saved * EF/1000            Eq. 7 
A key factor however is that LUX levels have to be maintained so as to remain within 
the AS/NZS 1680 2.1:2008 standard. 
ii)  Switching from fluorescent tubing to LED lights. 
A brief investigation into replacing current fluorescent lighting with LED light fittings 
was undertaken. The assessment was within common areas where lighting is 
required 24 hours of the day within the stairwell and car park areas as shown in 
table 4. 
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Table 4: Overview of car park and stairwell lighting 
Lamp Type  Number of fittings  Estimated Watts per fitting 
(W) 
T8/36W/twin  26  90 
T8/36W/single  5  45 
T8/18W/twin  47  45 
T8/18W/single  2  22 
T5/28W/twin  21  60 
T5/28W/single  63  30 
 
Since this lighting is required 24 hours of the day, a yearly estimation was made to 
calculate the total kWh consumption: 
    Total kWh Consumption = No. of fittings * Estimated Watts per fitting * 24 * 365/1000 Eq. 8 
Table 5: Derived total annual consumption 
Lamp Type  Total Consumption (kWh) 
T8/36W/twin  20,498.4 
T8/36W/single  1,971 
T8/18W/twin  18,527.4 
T8/18W/single  385.44 
T5/28W/twin  11,037.6 
T5/28W/single  16,556.4 
 
The  LED  lighting  solution  Chamaeleon  “permanently  on”  solution  (Appendix  4) 
chosen for this exercise is specified to have an estimated average of 34.8W per 
fitting. A quick analysis of the savings was then performed and using the indirect 
(scope 2) emissions factors and calculation described in Chapter 3, the reduction in 
GHG emissions derived as shown in table 6. 
Table 6: Results of estimated reductions in GHG emissions. 
Lamp Type  Energy Savings (kWh/year)  Reduction in GHG emissions 
(CO2-e) 
T8/36W/twin  12,572.35  10.3 
T8/36W/single  446.76  0.37 
T8/18W/twin  4,199.54  3.44 
T8/18W/single  0  0 
T5/28W/twin  4,635.79  15.56 
T5/28W/single  0  0 
 
Results: A total of 21,854.45 kWh/year is estimated to be saved with this particular 
solution resulting in a total reduction of approximately 17.9 tonnes CO2-e per year. 35 
 
 
iii)  Retrofitting existing electrical lighting within the commercial building. Examples of 
this includes the addition of motion sensors to light fittings across common areas, 
light level controls with  a “dimming” option and replacing light fittings with energy 
efficient bulbs. 
 
iv)  Incorporating natural light and reflective material within the functional space - The 
interior design of the functional space plays a major role in the comfort level within 
it. By incorporating skylights, natural sunlight is added to the functional space which 
would increase overall lighting conditions. 
 
v)  Improve scheduling of automatic lights to reflect changes in season. A clear example 
of this is shown in figure 19 where car park lighting is not necessarily needed.  An 
ambient light sensor with a pre-configured photodiode could be deployed at this 
particular site. 
 
 
Figure 9: An example of Energy being wasted in car park lighting 
Other energy efficient opportunities are derived from looking at energy efficiency opportunities 
within the tenant consumption which contributes the highest energy use in a commercial building 
(Refer to Figure 2). A brief summary of possible energy efficiency measures is outlined below: 
i)  Using energy rated appliances 
ii)  Replace desktops with laptops 
iii)  Switching off and unplugging electrical equipment when it is not in use. 
iv)  Using remote/online computer servers – This particular measure could also 
significantly reduce the HVAC system energy as server rooms require additional after 
hours cooling due to the high heating load they have. 
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5.3 HVAC SYSTEMS: 
The reason for selecting energy efficient options for HVAC systems is because it essentially accounts 
for 68% of total GHG emissions within a commercial building (refer to Figure 5). Apart from tenant 
consumption, base building accounts for the rest of energy use in a building and could essentially be 
reduced by improvements to mechanical plant systems. 
Some of the suggested energy efficiency opportunities include: 
i)  Adjusting set point temperature during “unoccupied” mode – The building 
management system (BMS) could adjust the overall building set point temperature 
when building occupants are not in the building. As the cooling or heating load is 
significantly lower, the mechanical plants do not have to be operating at their peak 
thus saving energy. As mentioned previously, any direct saving on energy is assumed 
to directly reduce the amount of GHG emissions.  
 
ii)  Variable Air Volume (VAV) Unit – A VAV unit aims to match the set point 
temperature within the conditioned space by essentially modulating the volume of 
air.  This assists in decreasing the capacity of the supply fan and when connected to 
a large central AHU assists in the overall performance of the HVAC system in 
meeting its design objectives especially with multiple zones that have multiple set 
point temperatures. 
 
 
iii)  Variable Speed Drives (VSD) – The main aim of this is to control the supply fan 
speed. The fan capacity is modulated by varying the speed of the motor. By 
decreasing the fan capacity during times when the heating/cooling load is low. 
When this is combined with a VAV unit the supply fan does not have to run at high 
RPM so as to consistently provide a constant quantity of air. 
 
iv)  By-Pass Control Valves – This method regulates the flow of chilled water during 
times when the cooling load within the conditioned space decreases. The valve 
directs less water through the cooling/heating coils. This effectively decreases the 
amount of work done by the system and thus conserves energy.  
 
v)  Night Purge/Airside Economizer – This is done when the temperature of the outdoor 
air is lower than the required conditioned spaces temperature within the building. It 
is achieved by modulating the outside air damper of the AHU to be fully/partially 
open while simultaneously closing the return air return air damper. The cool outside 
air reduces the temperature of air passing over the cooling coil thus reducing the 
work of the chiller as the set temperature does not need to be too lowered. 
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5.4 INSULATION & GLAZING 
Insulation and glazing of are also essential in the overall context of energy efficiency of a commercial 
building and need to be mentioned. The main reason for having these within a building is to reduce 
the amount of conduction, convection and radiation within the building. A simple way of estimating 
this is by calculating the heat gained using equation 4. 
Q = U X A X T          Eq. 9 
Where: 
 Q is the heat gained  
A is the surface area in m
2  
T is the difference in dry -bulb temperature across the surface. 
Glazing decreases the amount of radiant heat entering the building which is mostly generated from 
the sun by having an additional reflective surface on the windows. There is however, heat gained 
from conduction as a result of direct sunlight radiation on the external surfaces of the building thus 
increasing the heating load within the conditioned space. Insulation of the building does solve this 
problem as the insulating material acts as a barrier to heat gain and losses within the building. 
Insulating the duct system is also essential so as to prevent any loss in temperature of the supplied 
air into the conditioned space. 
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CHAPTER 6: CASE STUDY – COMMERCIAL OFFICE TOWER 
6.1 INTRODUCTION: 
The IBM Centre is a commercial office building located at 1060 Hay Street, West Perth occupied by 
the high profile multinational company. As part of their corporate sustainability the company has 
stringent environmental policies and outlined a number of sustainability requirements that would 
need to be achieved if they were to continue leasing the property. 
HFM Asset Management was engaged by the property owner, Primewest Management Ltd, to 
determine how to achieve the specified requirements within the timeframe given and to determine 
whether a 4 Star NABERS base building energy rating was achievable. 
PROJECT OVERVIEW: 
The project was broken down to various tasks as outlined by HFM’s building efficiency roadmap: 
i)  Review – This task would consist of a level 3 energy audit and a water audit so as to 
create a general profile of how the building is performing, an energy efficiency 
report highlighting key efficiency measures in existence and lastly a life cycle costing 
of building services equipment throughout the building to determine if equipment 
was close to the end of their lifetime. 
ii)  Verify – This component would involve a meter network review of the entire 
building and whether the metering structure in the building meets current 
standards, meter reconciliation through a single line diagram to account for all 
meters within the building. 
iii)  Comply – This would involve the set out targets of achieving a 4 star NABERS rating 
and obtaining a BEEC. 
iv)  Procure – Additional services such as energy and water procurement would be 
considered once a general review of the current contracts and negotiations of better 
rates. 
v)  Perform – Establishing an energy management plan for the building as well as 
tracking monitoring analysis & reporting as a checking mechanism on performance. 
Lastly utility performance management of the building would be undertaken. 
6.2 FINDINGS 
A number of opportunities for significant improvement of the building services were identified; 
-  Mechanical Service Plant – the plant was nearing the end of its operational life cycle and had 
in many areas been progressively decommissioned over the years.  
 
-  Building Management System – the BMS system was out dated and required operational 
and capital investments 
 
-  Metering –due to the original analogue sub metering structure in place there were a number 
of metering anomalies within the building, misallocation of end use electricity between 
tenant and base building and a large percentage of unmetered electricity  
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6.3 DISCUSSION 
HFM Asset Management began with an initial utility audit of the building to establish a baseline of 
energy and water consumption which was then benchmarked against similar buildings within the 
HFM database. Following the utility audit an indicative NABERS star rating was generated and a 
further assessment of the building service infrastructure was done. 
Due to the state of the mechanical plants, a holistic review of the entire plant was undertaken and 
was one of the targets of the energy management plan. The following aims were the main focus of 
the plan: 
-  Maximise the operational efficiency with the as-installed plant and equipment until a capital 
works refurbishment program could be implemented,  
-  Develop a capital works program to refurbish and replace the existing antiquated 
mechanical plant, BMS, embedded metering network and lighting systems,  
-  Quantify the savings of each efficiency measure to clearly outline the cost benefit and return 
on investment  
-  Define the intended outcome  
-  Apply for available funding from the Green Building Fund 
-  Implementation of the entire program 
6.4 IMPLEMENTATION: 
The implementation of the energy management plan was the key success of this project as HFM 
took on the role of the Utility Performance Management Consultant for operations and 
refurbishment. The implementation was broken down into the following 7 steps: 
1.  Improve the current maintenance program for the existing plant and guide the incumbent 
contractor to improve maintenance practices. 
2.  Replace the antiquated, inaccurate and manually read metering structure with an 
independent patent approved automatic meter reading system. 
3.  Engage a mechanical consultant to redesign the antiquated components of the mechanical 
plant and BMS. 
4.  Tender the mechanical and BMS upgrade and including the preventative maintenance 
program into the overall scope. 
5.  Implement the refurbishment project. This included mechanical, BMS, electrical, metering 
and lighting upgrades.  
6.  Oversee commissioning and operational performance. 
7.  Oversee the quality of the preventative maintenance program and drive efficiency targets 
for the rated period. 
6.5 CONCLUSION (OUTCOMES): 
1.  Following the successful implementation of the energy management plant, IBM Centre was 
able to achieve an Energy savings of 26% from its baseline year (2008-2009). Figure 7.1 is a 
snapshot of the decrease in energy consumption after the refurbishment of the base 
building mechanical plant.  
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Figure 10: Comparison of energy consumption before and after mechanical plant refurbishment. 
2.  The initial target of a 4 star NABERS rating was achieved and surpassed as shown below. 
During the placement, this was one site I helped monitor and produce monthly reports on. 
An official NABERS rating was done on the building for the period September 2011 to 
September 2012 and the building achieved a 5 star NABERS rating.  Figure 7.2 shows the 
indicative NABERS rating of the building for the past 2 years.
 
Figure 11: Indicative NABERS rating of commercial office tower. 41 
 
CHAPTER 7: CONCLUSION: 
The goal of this placement was to investigate the role of building performance in reducing carbon 
emissions. The placement took a practical approach so as to allow the student to gain various skill 
sets for auditing commercial building as well as a practical understanding of how commercial 
buildings function. 
Fore effective carbon emission reduction in commercial buildings a detailed energy management 
plan needs to be implemented with set out performance targets and specific methods of achieving 
these targets. A review of the current building performance should be taken through a 
comprehensive utility audit and operational life cycle analysis to determine the state of the building 
services. Maintenance of the mechanical plants should be the first step in ensuring optimum 
performance or highlight the need for refurbishment. The ability to reconcile building energy use is 
also important. This is achieved through a smart metering system which also complements the 
monitoring aspect of the energy management plan. This gives a preventative approach towards 
building services operation as once a problem has been identified it can be quickly resolved before 
further damage may occur. 
Benchmarking of building performance could be achieved through the use of sustainability rating 
tools such as NABERS Office Ratings and Green Star Office Rating so as to compare a buildings 
performance with similar buildings. While the NABERS tool is geared towards consumption of energy 
within a building, the Green Star tool could be used to gauge the overall environmental impact of 
the building. For example a direct expansion system could be rated much lower than a water chilled 
system due to aspects of leakage of refrigerant and its effect to the environment. 
Education is an effective tool in reducing GHG emissions as tenant consumption is the highest 
energy user within a commercial building. Once tenants are aware of their use, the can take the 
necessary measures to reduce their GHG emissions. 
Lastly, the case study proves that the above mentioned areas are successful in achieving significant 
reductions in energy use resulting in lower GHG emissions. Once proven technology has been 
deployed within a building new technology such as renewable energy can then be implemented to 
further decrease GHG emissions.  
8.1 RECOMMENDATIONS: 
Once all aspects of the base building energy of a building are working at optimum efficiency, further 
studies could be undertaken in the following key areas: 
i)  Implementing renewable energy systems within commercial buildings. 
Sizing of these systems could be determined through the energy peak demand of 
specific components such as common area lighting and trying to match it with a robust 
renewable system. Solar and wind technology would be considered as the relative 
resources as they are abundantly available but could however be limited to space within 
a commercial building. 
 
ii)  Synergy systems between building owners and tenants – An example of such a system 
would be when a building owner establishes a solar charging station for electric vehicles 
to be used for some of the occupant’s business services. This particular approach would 42 
 
be a holistic approach to reducing GHG emissions with regards to the National 
Greenhouse inventory. 
 
iii)  The role of Building Management Systems (BMS) in ensuring the building performs at 
optimum efficiency, implement automation of building processes and schedules such as 
night purge discussed in chapter 5 and automatically track, monitor and report on 
energy consumption within the building. 
 
iv)  Water efficiency within commercial buildings. There is vast potential for decreasing 
water use within a commercial building as well as implementing new technology for 
recycling water,  rain water harvesting water systems and grey water systems.  This 
would be subject to intense water quality parameters and would be ideal for 2
nd level 
use. 
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APPENDIX: 
APPENDIX A: Sample of Tenant Occupancy Survey. 
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APPENDIX B: Floor plan used during TLA. 
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APPENDIX C: Sample brochure for LED Lighting. 
 